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[57] ABSTRACT 
The power steering apparatus for assisting the return of 
a steering wheel by the rotating force of a motor for 
assisting steering force wherein noting the fact that the 
steering torque when the steering wheel is being re 
turned is within the dead zone, whether the steering 
wheel is being returned is judged on the basis of the 
steering torque detected by a torque sensor and the 
terminal voltage of the motor, and the direction and . _ 
magnitude of a driving current for the motor when the 
steering wheel is being returned are determined corre 
sponding to the vehicle speed. Accordingly, the steer 
ing wheel is returned to the neutral position without 
using a steering angle sensor. 

61-115771 6/1986 Japan . 3 Claims, 12 Drawing Sheets 
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POWER STEERING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an electric power 

steering apparatus assisting steering force of a steering 
wheel with the rotating force of a motor. 

2. Description of the Related Art 
An electric power steering apparatus has been devel 

oped which provides a driver a comfortable steering 
feeling by driving a motor for assisting steering force on 
the basis of a detected result of a steering torque exerted 
on a steering wheel and by assisting force required for 
steering a vehicle with turning force of the motor. 
Such conventional electric power steering apparatus 

has a problem that when the steering wheel is returning 
to the neutral position upon receipt of an input from a 
tire, the returning movement is hindered by a moment 
of inertia of a rotor of a motor and frictional resistance 
of a reduction gear coupled to an output shaft of the 
motor. Therefore, a detector for detecting a steering 
angle, e.g., a rotary sensor or stroke sensor, etc. is in 
stalledona rack shaft,v steering shaft or motor‘ to over 
come the problem by driving the motor with a current 
corresponding to the detected steering angle, and the 
steering wheel is returned to the neutral position by the 
torque of the motor. 
According to the above-mentioned arrangement, 

however, the installation of the steering angle detector 
makes the power steering apparatus expensive. 
Moreover, a power steering apparatus to solve such 

problems as the poor response due to the inertia of the 
motor, friction of the reduction gear disposed between 
the motor and the steering mechanism, and phase delay 
in an electric circuit by differentiating a detected signal 
of a torque sensor thereby to adjust the driving current 
of the motor is disclosed in Japanese Patent Application 
Laid-Open No. 61-115771 (115771-1986). 
More speci?cally, in the above disclosure, by differ 

entiating the detected signal of the torque sensor and 
adding it to a temporary control value obtained corre 
sponding to the detected signal of the torque sensor, the 
steering mechanism is driven in correspondence to the 
steering torque detected by the torque sensor without a 
time delay. 
According to the conventional apparatus, the relation 

between the torque and the temporary control value of 
the driving current of the motor is preliminarily set as a 
function. The temporary control value of the driving 
current for the motor is set from the detected signal of 
the torque sensor by use of the function, and the di?'er 
entiated signal of the detected signal is added to the 
temporary control value to determine the ?nal control 
value of the driving current. The driving current for the 
motor is controlled by the determined control value 
thereby to assist steering force. The detected signal to 
be differentiated is the same as the detected signal for 
determining the temporary control value of the driving 
current. A voltage of the detected signal for determin 
ing the temporary control value is corresponding to the 
detected value of the steering torque. 
FIG. 3 is a graph showing an example of the relation 

between the steering torque and signal voltage, in 
which the vertical axis represents the signal voltage and 
the horizontal axis represents the steering torque. When 
the detected steering torque is out of the range neces 
sary to assist steering force under the normal cruising 
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2 
condition, the responsive voltage is saturated. In other 
words, the range necessary to assist steering force under 
the normal cruising condition is an effective detection 
width of the steering torque. Since the signal to be 
differentiated is the same signal as the detected signal 
for determining the temporary control value of the 
driving current, the differentiating is signi?cant within 
the range of the effective detection width. 
As is mentioned above, in the conventional apparatus, 

the detected signal of the steering torque to be differen 
tiated is the same as the detected signal to determine the 
temporary control value of the driving current, and the 
voltage signal corresponding to the steering torque is 
saturated when the steering torque is out of the effective 
detection width. Therefore, the differential value be 
comes always 0 even if the steering torque is out of the 
effective detection width, the differentiating is not ef 
fective and the responding e?iciency of the steering 
mechanism worsens. 

SUMMARY OF THE INVENTION 

The present invention has been devised to solvethe 
" aforementioned problems. _ - , 
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A ?rst object of the present invention is to provide a 
inexpensive power steering apparatus capable of con 
trolling a motor for assisting steering force without 
using a steering angle detector when a steering wheel is 
being returned. 
A second object of the present invention is to provide 

a power steering apparatus capable of differentiating 
the steering torque in a wider range, to control the 
driving current of an assisting motor, thereby achieving 
good responding efficiency of a steering mechanism to 
the steering torque in the wider range. 
The above and further objects and features of the 

invention will more fully be apparent from the follow 
ing detailed description with accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partially broken sectional view showing 
the structure of a power steering apparatus according to 
the present invention; 
FIG. 2 is an enlarged sectional view taken along the 

line II-II of FIG. 1; 
FIG. 3 is a graph of an example of the relation be 

tween thesteering torque and a voltage of a signal for 
driving a motor; 
FIG. 4 is a block diagram showing the structure of a 

?rst embodiment of a control system to control the 
driving current of the motor in the power steering appa 
ratus of the present invention; 
FIG. 5 is a graph showing the relation between an 

indicator current obtained in an indicator current func 
tion unit in the control system of the ?rst embodiment 
and a steering torque; 
FIG. 6 is a graph showing the relation between a 

returning current obtained in a returning current calcu 
lating unit in the ?rst embodiment and the vehicle 
speed; 
FIG. 7 is a flowchart showing the controlling process 

of the driving current of the motor according to the ?rst 
embodiment; 
FIG. 8 is a ?owchart of a subroutine showing the 

process of detecting the return of the steering wheel 
according to the ?rst embodiment; 
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FIG. 9 is a block diagram showing the structure of a 
second embodiment of a control system of the power 
steering apparatus of the present invention; 
FIG. 10 is a graph showing an example of the relation 

between the steering torque of a ?rst and a second sig 
nals and a voltage of a signal for driving the motor 
according to the second embodiment; 
FIG. 11 is a ?owchart showing the controlling pro 

cess of the driving current of the motor according to the 
second embodiment; and 
FIG. 12 is a block diagram showing the structure of 

a third embodiment of a control system of the power 
steering apparatus of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will be described referring to 
drawings showing embodiments thereof. FIG. 1 is a 
partially broken sectional view of a power steering 
apparatus related to the invention. FIG. 2 is an enlarged 
sectional view along line II-II of FIG. 1. 

In the ?gures, reference numeral 1 designates a rack 
shaft inserted concentrically a cylindricalrack 
shaft case 2 frxedat' a part of a vehicle body with its 
longitudinal direction as right-left direction. Numeral 3 
is a pinion shaft supported rotatably in the state that the 
shaft center thereof intersects obliquely against the rack 
shaft 1 at the inside of a pinion shaft case 4 connected 
following the vicinity of one end portion of the rack 
shaft 2. 
The pinion shaft 3, as shown in FIG. 2, consists of an 

upper shaft 30 and a lower shaft 3b connected coaxially 
with each other through a torsion bar 5, the upper shaft 
30 being supported inside of the pinion shaft case 4 by a 
ball bearing 40 with its upper end portion interlockingly 
combined to a steering wheel through a universal joint 
not shown. And the lower shaft 3b at the neighborhood 
position of the upper end portion is supported inside of 
the pinion shaft case 4 by a four-point contact ball bear 
ing 41 in the state that the proper length of the under 
portion thereof is projected from a downside opening of 
the pinion shaft case 4. The four-point contact ball bear 
ing 41 is ?tted from outside to the lower shaft 3b from 
lower end portion side, and is positioned outside of the 
lower shaft 3b in the axial direction with both sides of 
the inner ring being held, by steps formed in the vicinity 
of the upper end portion of the lower shaft 3b and collar 
42 ?xed from outside from the lower end portion side 
and caulked to the peripheral surface. Then it is ?tted 
into the pinion shaft case 4 together with the lower shaft 
3b from aforementioned downside opening, and is posi 
tioned inside of the pinion shaft case 4 in the axial direc 
tion with both sides of the outer ring being held, by a 
circular shoulder part formed at the lower part of the 
case 4 and a lock nut 43 screwed to the case 4 from the 
opening, and loads radial load acting upon the lower 
shaft 3b and thrust load of both directions. 
At the middle portion of the lower shaft 3b projected 

from the pinion shaft case 4, pinion teeth 30 in an appro 
priate length are formed in the axial direction thereof. 
In the case where the pinion shaft case 4 is ?xed at the 
upper side of aforesaid rack shaft case 2 by ?xing bolt 
44, the pinion teeth 30 engages with rack teeth 10 
formed at a position a little closer to one end portion of 
the rack shaft 1 in the axial direction thereof in an ap 
propriate length inside of the rack shaft case 2, making 
the lower shaft 3b with rack shaft 1 engage, with their 
shaft centers intersect obliquely with each other. The 
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4 
lower shaft 3b is extended downward further from the 
position of engagement with the rack shaft 1, a big bevel 
gear 31 with the teeth-formed face thereof tilting down~ 
ward being ?ttedly mounted coaxially with the lower 
shaft 3b at the lower end portion thereof. The lower 
shaft 3b is supported by needle roller bearing 33 in a 
bevel gear housing 20 connected following the down 
side of the rack shaft case 2 in the state of surrounding 
the big bevel gear 31. Accordingly, the lower shaft 3b is 
supported at both sides of the position of engagement of 
the rack teeth 10 with the pinion teeth 30 by the four 
point contact ball bearing 41 and needle roller bearing 
33, whereby ?exing quantity of the lower shaft 3b at the 
position of engagement is kept within the tolerance. 

Still more, at the position of engagement of the rack 
teeth 10 with the pinion teeth 30, a pressing piece 12 for 
pressing the rack shaft 1 by biasing force of a pressing 
spring 11 forward the pinion shaft 3 is provided so that 
the rack teeth 10 and the pinion teeth 30 can be engaged 
without any gap. The rack shaft 1 is, at the position of 
engagement, supported by the pressing piece 12 and the 
lower shaft 3b in the state that it is held from both sides 

bush 13 ?tted into an end portion of the rack shaft case 
2 opposite to the connected position of the pinion shaft 
case 4 with itself, it being movable freely in its axial 
direction inside of the rack shaft case 2. Both right and 
left end portions of the rack shaft 1 projected respec 
tively at both sides of the rack shaft case 2 is connected 
to tie rods 15, 15 stretching respectively to the right and 
left wheels not shown through respective ball and 
socket joints 14, 14, the wheels being steered to right or 
left according to the movement of the rack shaft 1 in the 
axial direction thereof. 

In FIG. 2, reference numeral 6 designates a torque 
sensor for detecting steering torque exerted on the 
steering wheel. The torque sensor 6 uses a potentiome 
ter comprising a resistance holding member 60 which is 
out?tted to the upper shaft 30, rotates therewith, and at 
the downside end surface, forms a circular resistance 
with the shaft center of the upper shaft 30 being the 
center, and a detecting piece holding member 61 which , 
is out?tted to the lower shaft 3b, rotates therewith and, 
at the upside end surface, forms a detecting piece which 
slidely-contacts to a point in a radial direction on the 
resistance. The upper shaft 3a of the pinion shaft 3 ro 
tates around the axial shaft according to the rotation of 
the steering wheel, however, road surface resistance 
acting upon the wheels acts upon the lower shaft 3b 
through the rack shaft 1, thereby, torsion corresponding 
to the steering torque exerted on the steering wheel is 
produced at torsion bar 5 interposed between the two 
shafts. A torque sensor 6 outputs relative displacement 
in the circumferential direction created between the 
upper shaft 30 and the lower shaft 3b accompanying the 
torsion of. the torsion bar 5, as a potential corresponding 
to slidely contact position of the detecting piece with 
the resistance and in the case where the torsion is not 
created at the torsion bar 5, in other words, in the case 
where the steering operation is not performed, it is 
initialized so as to output the speci?ed reference poten 
tial. The output signal of the torque sensor 6 is inputted 
in a control unit 7 which compares the signal with the 
reference potential to recognize the direction and size of 
the steering torque, then generates a driving signal to a 
motor 8 for assisting steering force provided in such a 
way as described later. 
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The motor 8 for assisting steering force is to transmit 
the turning force thereof to aforementioned lower shaft 
3b through an electromagnetic clutch 16, epicycle re 
duction gear 9 and small bevel gear 32 which engages 
with the big bevel gear 31 and is smaller than the big 
bevel gear 31 in diameter. 
The electromagnetic clutch 16 consists of a coil unit 

161 which is annular in shape and ?xed to a middle case 
81 of the motor 8, a moving unit 162 which is out?tted 
at one side of a rotation axis 80 of the motor 8 coaxially 
therewith and rotates with the rotation axis 80, and 
engaging part 163 which is disooid in shape, faces the 
moving unit 162 and engages with the moving unit 162 
by electromagnetic force caused by power supply to the 
coil unit 161, performing engaging and disengaging of 
turning force of the motor 8. 
The epicycle reduction gear 9 consists of a sun shaft 

90 which is ?tted into the engaging part 163, rotates and 
has a sun gear supported at one end thereof by a bearing 
?tted into the moving unit 162, and supported at the 
other end by a bearing ?tted into a planet carrier 93 to 
be described later, an outer ring 91 which is circular in 
shape and ?xed to a casing end surface 82 of the motor 
8 coaxially with the rotation'axis 80,'a plurality ‘of planet 
gears 92, 92 . . . which rotatably contacts with the inner 
surface of the outer ring 91 and with the outer surface of 
the sun gear of the sun shaft 90 respectively, autorotate 
around the shaft center respectively as well as revolve 
around the shaft center of the sun gear, and the planet 
carrier 93 which supports rotatably respective planet 
gears 92, 92 . . . . The epicycle reduction gear 9 has a 

smaller outer diameter than that of the motor 8 and is 
integrated with the motor 8 and electromagnetic clutch 
16 at one side of the rotation axis 80. 
An output shaft 94 of the epicycle reduction gear 9 is 

?tted into and ?xed at a position of the shaft center of 
the planet carrier 93 which is positioned coaxially with 
the rotation axis 80 of the motor 8, and is projected in an 
appropriate length outside of the casing. At the tip 
portion of the output shaft 94, the small bevel gear 32 is 
?xedly mounted with its teeth-formed face turned 
toward the tip portion‘ side, the small bevel gear 32 
being constructed so as to rotate, together with the 
output shaft 94, corresponding to the revolution of the 
planet gears 92, 92 . . ' 

The motor 8, electromagnetic clutch 16 and epicycle 
reduction gear 9 are ?xed onto a blacket 2a provided 
outside of the rack shaft case 2, in the state that these 
shaft centers are approximately parallel to the shaft 
center of the rack shaft 1 and are ?tted into the bevel 
gear housing 20 with the small bevel gear 32 being 
inside. And at the inside of the aforesaid housing 20, the 
small bevel gear 32 is engaged with the big bevel gear 
31 ?xedly mounted at the lower end portion of aforesaid 
lower shaft 3b. Backlash adjustment between the big 
bevel gear 31 and the small bevel gear 32, in ?tting the 
epicycle reduction gear 9 into the bevel gear housing 
20, can be performed easily by changing thickness and 
/0r number of shims to be interposed at the abutting 
portion of the casing of the epicycle reduction gear 9 
with the bevel gear housing 20. 
To the control unit 7 is inputted an output signal from 

a vehicle speed sensor 18 besides the aforementioned 
output signal from the torque sensor, whereby a driving 
signal for driving the motor 8 is outputted in a manner 
as will be described later. 
The operation of the control unit 7 will be depicted 

hereinafter. 
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6 
FIG. 4 is a block diagram showing the structure of an 

embodiment of the control unit 7 of the power steering 
apparatus, which also illustrates the flow of the signals. 
A torque signal (referred to as a torque T hereinafter) 

detected by the torque sensor 6 is respectively inputted 
to a phase compensator 71a for advancing the phase of 
a speci?ed frequency band of the inputted signal to 
stabilize the system, and to a steering wheel return de 
tecting unit 71d which detects the return of the steering 
wheel thereby to make the control unit 7 execute the 
control under the condition that the steering wheel is 
returned. The phase of the torque T is compensated by 
the phase compensator 71a, and inputted to an indicator 
current functional unit 73 which generates an indicator 
current I which is a control value of the current for 
driving the motor 8 when the steering wheel is turned 
but not returned. 
A speed signal (referred to as a vehicle speed V here 

inafter) detected by the vehicle speed sensor 18 is input 
ted to the indicator current function unit 73 and to a 
returning current calculating unit 71e which obtains a ' 
returning current IR which is a control value of the 
current for driving 

terminal voltage detecting circuit 71b provided at the 
output side of a PWM (Pulse-Width Modulation) driv 
ing circuit 72 which will be described later. The driving 
current for the motor 8 is detected by a current detect 
ing circuit 710 which, having a current detecting resis 
tance (not shown) inserted in a motor line, detects the 
current ?owing in the motor line. The result from the 
terminal voltage detecting circuit 71b is inputted to the 
steering wheel return detecting unit 71d, while the re 
sult detected by the current detecting circuit 71c is 
inputted to a subtracter 74b to be described later. 
The indicator current function unit 73 generates the 

indicator current I based on the torque T and‘ vehicle 
speed V. The indicator current I is inputted to an adder 
74a. 
FIG. 5 is a graph showing the relation between the 

indicator current I obtained by the indicator current 
function unit 73 and the torque T, wherein the vertical 
axis represents the indicator current I and the horizontal 
axis represents the torque T. It is to be noted here that 
the positive side of thehorizontal axis shows the steer 
ing torque when the steering wheel is turned right, 
while the negative side thereof shows the steering 
torque when the steering wheel is turned left. More 
over, the positive side of the vertical axis shows the 
indicator current for the motor 8 to rotate the steering 
wheel right, and the negative side thereof shows the 
indicator current for the motor to rotate the steering 
wheel left. Further, the chain line in FIG. 5 depicts the 
relation between each vehicle speed V0, V1, V; or V3 
(V0<V1<V2<V3, V0=0) and the torque respectively 
determined. 
The zone from —D to D in the graph is the dead 

zone. The indicator current I for the motor 8 increases 
in accordance with the increase of the torque T when 
the torque T goes out of the dead zone by turning the 
steering wheel right (or left), so that the assisting force 
increases. In this case, the indicator current I increases 
irrespective of the vehicle speed V until the steering 
torque T reaches a set value of the low torque —Ts or 
Ts. Beyond the absolute set value, the relation between 
the torque T and indicator current I depends on the 
vehicle speed V0, V1, V2, V3, that is, the ratio of the 

the motor 8 when the steering wheel _ I 
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indicator current I to the torque T becomes smaller as 
the vehicle speed increases. The vehicle speed V0 shows 
the case of the stationary swing where the steering 
wheel is turned at a speed of 0 as the vehicle stops. 
Particularly in the case of the stationary swing, the 
indicator current I is arranged to be saturated when the 
torque T is over a predetermined value. The obtained 
indicator current I is inputted to the adder 740. 
The steering wheel return detecting unit 71d detects 

the returning of the steering wheel in a manner to be 
described later based on the torque T and terminal volt 
age VM. In the case where the steering wheel is de 
tected to be returned, the steering wheel return detect 
ing unit 71d outputs a signal indicating the returning 
direction of the steering wheel to the returning current 
calculating unit 71e. The returning current calculating 
unit 71e calculating an absolute value of the returning 
current IR based on the vehicle speed V, and determin 
ing the polarity of the returning current IR based on the 
signal indicating the returning direction of the steering 
wheel inputted from the steering wheel return detecting 
unit 71d. The polarity of the returning current IR is the 

20 

polarity for the motor-'8- to rotate theestleering wheel in ' 
the returning direction detected by the steering wheel 
return detecting unit 71d. The returning current IR is 
inputted to the adder 74a. ‘ 
The relation between the returning current IR and the 

vehicle speed V set at the returning current calculating 
unit 71e is shown in a graph of FIG. 6. As indicated in 
FIG. 6, the absolute value of the returning current IR is 
maximum when the vehicle speed V inputted to the 
returning current calculating unit 71e is a predeter 
mined set value of the low speed, and decreases as the 
vehicle speed V becomes smaller or larger than the set 
value. The slope of a curve of the decreasing returning 
current IR is gentler at the side when the vehicle speed 
V becomes larger than at the side when the vehicle 
speed V becomes smaller. In other words, the returning 
current I R is so set as to increase the returning force for 
the steering wheel as the vehicle speed V is closer to the 
predetermined set value of the low speed. 
The adder 740 adds the indicator current I inputted 

from the indicator current function unit 73 and the 
returning current I R inputted from the returning current 
calculating unit 71e, and inputs the added result to the 
subtracter 74b as a target current which is a control 
value of the driving current for the motor 8. The sub— 
tracter 74b subtracts a feed-back signal of the current 
detecting circuit 710 from this target current. The 
PWM driving circuit 72 drives the motor 8 on the basis 
of the subtracted result. Since the current detecting 
circuit 710 is arranged to detect the current including a 
?ywheel current of the motor 8, the current loop is 
rendered stable. 
The process of controlling the current for the motor 

8 by the control unit 7 as described above will be further 
explained with reference to a ?owchart of FIG. 7. 
The control unit 7 reads the torque T, vehicle speed 

V, terminal voltage VM and the driving current respec 
tively from the torque sensor 6, speed sensor 18, termi 
nal voltage detecting circuit 71b and current detecting 
circuit 71c (S1). 
The phase compensator 71a compensates the phase of 

the torque T(S2). The indicator current function unit 73 
determines the indicator current I on the basis of the 
vehicle speed V and phase-compensated torque T using 
the functions described earlier (S3). 
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8 
Then, the ?ow proceeds to the steering wheel return 

detecting subroutine (S4). FIG. 8 is a flowchart of the 
subroutine. 

In the steering wheel return detecting subroutine, 
whether the torque T is larger than a speci?ed value is 
judged (S41). This speci?ed value is the least value of 
the steering torque necessary to turn the steering wheel. 
When it is judged in S41 that the torque T is larger than 
the speci?ed value, then whether a required time passed 
is judged ($42). After the required time elapsed, a de 
tected ?ag indicating the detection that the steering 
wheel is turned is set, then the ?ow returns to the main 
routine (S43). 
0n the other hand, when the torque T is judged to be 

equal to or smaller than the speci?ed value in S41, it is 
judged whether the torque T is within the dead zone 
from -D to D of the indicator current function unit 73 
(S44). When the torque T is outside the dead zone, a 
returning ?ag indicating that the steering wheel is being 
returned is reset, then the flow returns to the main rou 
tine (S48). 
When the torque T is within the dead zone, it is 

- judged whether the inputtedterminal voltage-VM 
over a speci?ed value (S45). When the terminal‘voltage 
is smaller than the speci?ed value, the returning flag is 
reset, then the ?ow returns to the main routine (S48). In 
this case, the terminal voltage VM is a counter electro 
motive force for the motor 8. 

In the case where the terminal voltage V5; is not 
smaller than the speci?ed value, it is judged whether the 
detected ?ag is set (S46). When the detected flag is not 
set, the ?ow returns to the main routine, whereas, when 
the detected ?ag is set, indicating that the steering 
wheel is being returned, and the returning ?ag is set, 
then the flow returns to the main routine (S47). When it 
is judged that the steering wheel is being returned, the 
steering wheel return detecting unit 71d outputs a signal 
indicating the returning direction of the steering wheel 
to the returning current calculating unit 71e. 

After returning from the subroutine, having judged 
whether the steering wheel is being returned (S5) (i.e., 
the returning ?ag is set), the returning current calculat 
ing unit 71e calculates the returning current IR on the 
basis of the vehicle speed V (S6). The polarity of the 
returning current IR is determined based on the signal 
indicating the returning direction of the steering wheel 
inputted from the steering wheel return detecting unit 
71d, which is the polarity with which the motor 8 ro 
tates the steering wheel in the returning direction de 
tected by the steering wheel return detecting unit 71d. 

Meanwhile, when the steering wheel is not being 
returned (the returning ?ag is not set), the returning 
current IR is not calculated, and therefore the returning 
current calculating unit 71e outputs 0. 
The adder 740 adds the indicator current I to the 

returning current lg to obtain the target current for 
driving the motor 8 ($7). In the case of returning the 
steering wheel, since the torque T is within the dead 
zone from —D to D and the indicator current I is 0, the 
target current is the returning current IR. On the con 
trary, except when the steering wheel is not being re 
turned, since the torque T is outside the dead zone from 
—D to D and the returning current IR is 0, the target 
current is the indicator current I. The target current 
thus obtained is inputted to the subtracter 74b. The 
PWM driving circuit 72 drives the motor 8 by control 
ling the driving current to be coincident with the target 
current (S8). 
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When the steering wheel is detected to be being re 
turned, the returning current IR is applied to the motor 
8, thereby assisting steering force of the steering wheel 
in the returning direction. In this case, the driving cur 
rent of the motor 8 is controlled irrespective of the 
steering angle of the steering wheel. 
FIG. 9 is a block diagram showing the structure of 

another embodiment of a control system of the power 
steering apparatus of the invention, where a numeral 
and character 17a designates a control unit. A detected 
signal of a ?rst torque sensor 210 which detects the 
rotating force exerted onto the steering wheel, inter 
lockingly coupled via a shaft to a steering mechanism 
(not shown), is inputted to an input port a1 of the con 
trol unit 17a as a ?rst detected signal T1 of the steering 
torque through an amplifying circuit 4 which sets the 
gain and the upper and lower limits of the signal. A 
detected signal of the ?rst torque sensor 21a is inputted 
to an input port a;, without passing through the ampli 
fying circuit 4, as a second detected signal T2. Further 
more, a detected signal of a second torque sensor 220 
which, similar to the ?rst torque sensor 21a, detects the 
rotating force applied to the steeringwheel, interlock-4 
ingly coupled via a shaft to the steering mechanism (not 
shown), is inputted to an input port a3. To an input port 
a4 is inputted an output signal from the vehicle speed 
sensor 18. A current detected signal Is which is an out 
put from a motor current detecting circuit 19 for detect 
ing a driving current for a motor 8 is inputted to an 
input port as. 

In the meantime, a motor driving circuit 23 for driv 
ing the motor 8 for assisting steering force is connected 
to’ an output port b1 of the control unit 17a. 
The ?rst detected signal T1 inputted to the input port 

a1 of the control unit 170 is inputted to a phase compen 
sator 171, so that the phase of the ?rst detected signal 
T1 is advanced. The compensated ?rst detected signal 
T1 is inputted to a function generating unit 173 output~ 
ting a target current I which is a temporary control 
value of the motor driving current. In the function 
generating unit 173, such variable functions are set that 
increase the target current I in proportion to an increase 
in amplitude of the ?rst detected signal T1 in accor 
dance with the vehicle speed V(V1<V2<V3) inputted 
to the input port a4 when the signal T1 is out of a prede 
termined dead zone and ?nally saturate the target cur 
rent when the ?rst detected signal T1 exceeds a prede 
termined value. These variable functions are set so that 
the ratio of the target current I to the ?rst detected 
signal T1 becomes smaller as the vehicle speed 
V1,V2,V3 becomes faster, and at the same time, the 
saturating value of the target current I becomes smaller. 
The function generating unit 173 determines the target 
current I in accordance with the ?rst detected signal T1 
from the phase compensator 171, and inputs the same to 
an adder 1740. 
The second detected signal '1‘; inputted to the input 

port a; is differentiated in a differentiating unit 175, the 
result of which is inputted to the adder 1740. The adder 
1740 adds the target current I from the function gener 
ating unit 173 and the differentiating result from the 
differentiating unit 175, and outputs the same to a sub 
tracter 174b. 
The detected signal of the second torque sensor 220 

inputted to the input port a; is used for the fail-safe 
process to interlock various kinds of controlling units 
when the ?rst torque sensor 210 breaks down. 
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The current detected signal Is inputted to the input 

port a5 is outputted to the subtracter 17412. The sub 
tracter 174b subtracts the current detected signal Is 
from the added result of the adder 1740. The subtracted 
result is outputted to the motor driving circuit 23 via an 
output port b1. 
FIG. 10 shows a graph of the relation between the 

steering torque and the signal voltage of the ?rst and 
second detected signals T1 and T2, the vertical axis 
showing the signal voltage and the horizontal axis 
showing the steering torque. It is to be noted here that 
the ?rst detected signal T1 is indicated by a chain line, 
and the mond detected signal T2 is indicated by a solid 
line in the graph. The voltage of the ?rst detected signal 
T1 is saturated by the amplifying circuit 4 when the 
detected steering torque exceeds the necessary range to 
assist steering force during the normal cruising. This 
range is the effective detection width of the ?rst de 
tected signal TL 
On the other hand, since the second detected signal 

T2 is not ampli?ed by the amplifying circuit 4, but is 
inputted directly from the ?rst torque sensor 210 to the 
input port a2, the gain is smaller than that of the ?rst . . 
detected signal T1. Therefore, the effective detection 
width of the second detected signal T1 is wider than that 
of the ?rst detected signal T1, making it possible to 
obtain the information of the steering torque in the 
saturating range of the ?rst detected signal T; from the 
second detected signal T2. As a result, even the steering 
torque exceeding the effective detection width of the 
?rst detected signal T1 an e?'ective differentiated value 
can be obtained in the differentiating unit 175 to adjust 
the target current I. 

Next, the operation of the control unit 170 con 
structed in the above-mentioned manner will be dis 
cussed with reference to a ?owchart of FIG. 11. The 
control unit 170 reads the ?rst detected signal T1 input 
ted to the input port a1, second detected signal T2 input 
ted to the input port a, detected signal of the vehicle 
speed V inputted to the input port a4 and current de 
tected signal Is inputted to the input port as (S1). The 
phase compensator 171 compensates the phase of the 
?rst detected signal T1 inputted through the input port 
a1 (S2). The differentiating unit 175 differentiates the 
second detected signal T2 inputted through the input 
port a; ($3). In consequence, the variation rate of ‘the 
steering torque is obtained. 
The function generating unit 173 determines the tar 

get current I on the basis of the compensated ?rst de 
tected signal T1 and vehicle speed V inputted to the 
input port :14 (S4). After the target current I is deter 
mined, the adder 1740 adds the differentiated result of 
the differentiating unit 175 to the target current I, 
thereby determining the ?nal control current for driv 
ing the motor 8. The subtracter 174b subtracts the cur 
rent detected signal Is inputted to the input port a5 from 
the control current. The subtracted result is controlled 
through PID control by the motor driving circuit 23, 
and the control voltage of the motor is determined (S5). 
The motor driving circuit 23 drives the motor 8 with 
this control voltage (S6), assisting steering force. 
FIG. 12 is a block diagram showing the structure of 

a further modi?ed embodiment of a control system of 
the power steering apparatus of the invention. In FIG. 
12, the same parts are designated by the same reference 
numerals as in FIG. 9, the description of which is abbre 
viated here. According to the control system of the 
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modi?ed embodiment, the gain of the ?rst detected 
signal T1 which is the detected signal of the ?rst torque 
sensor 21b is set larger than the gain of the second de 
tected signal T; which is the detected signal of the sec 
ond torque sensor 22b by adjusting the detecting circuit 
of the ?rst or second torque sensors 21b or 22b. A de 
tected signal of the steering torque is directly inputted 
to the input port a1 of a control unit 17b from the ?rst 
torque sensor 21b without passing through an amplify 
ing circuit. Moreover, a detected signal from the second 
torque sensor 22b which is a sensor to detect the steer 
ing torque for the fail-safe purpose mentioned earlier is 
directly inputted to the input port a;, which is in turn 
divided into a signal to be differentiated by the differen 
tiating unit 175 and a signal subjected to the fail-safe 
process. 

Since the gain of the second detected signal T2 differ 
entiated by the differentiating unit 175 is smaller than 
that of the ?rst detected signal T1 for determining the 
target current, I, the e?ective detection width of the 
second detected signal is wider, so that it is possible to 
control the steering torque in wider range by differenti 
ating the 
T1. - ' _ _ 

As described hereinabove, when the current value 
based on the differentiated value of the steering torque 
is added to the target current I, the ?nal control current 
of the motor changes immediately, and accordingly the 
driving force of the motor 8 can be transmitted to the 
steering mechanism without a delay in responding to 
the rotation of the steering wheel detected by the 
torque sensor. 
As this invention may be embodied in several forms 

without departing from the spirit of essential character 
istics thereof, the present embodiment is therefore illus 
trative and not restrictive, since the scope of the inven 
tion is defined by the appended claims rather than by 
the description preceding them, and all changes that fall 
within the metes and bounds of the claims, or equiva 
lence of such metes and bounds thereof are therefore 
intended to be embraced by the claims. 
What is claimed is: 
l. A power steering apparatus which comprises: 
a detecting means for detecting the speed of a vehicle; 

15 

20 

detected signal than the ?rst detected signal 

25 

30 

35 

4-0 

45 

50 

55 

65 

12 
a torque sensor for detecting a steering torque exerted 

onto a steering wheel; 
driving current generating means, responsive to the 

torque sensor, for generating a driving current 
corresponding to the steering torque detected by 
said torque sensor; ‘ 

a motor for assisting steering 
driving current; 

wherein the driving current generating means com 
prises: . 

a means for detecting the terminal voltage of said 
motor; 

a steering wheel return detecting means for detect 
ing whether the steering wheel is being returned 
to the neutral position on the basis of the de 
tected result of said terminal voltage detecting 
means and of said torque sensor; 

a returning current calculating means, responsive 
to the vehicle speed detecting means, for calcu 
lating a current to drive said motor to assist the 
return of the steering wheel on the basis of the 
detected result of said vehicle speed detecting 
means when said steering wheel return detecting 

force, driven by the 

meansdetects th'at'the ‘steering wheel ‘is being ' 
returned; and 

a means for driving said motor by the driving cur 
rent calculated by said returning current calcu 
lating means when said steering wheel return 
detecting means detects that the steering wheel is 
being returned. 

2. A power steering apparatus as set forth in claim 1, 
wherein said steering wheel return detecting means 
detects that the steering wheel is being returned when 
the steering torque detected by said torque sensor is in 
the dead zone of a predetermined range during said 
steering wheel being turned, and the terminal voltage of 
said motor is not smaller than a predetermined value. 

3. A power steering apparatus as set forth in claim 1, 
wherein said returning current calculating means calcu 
lates such a returning current that the returning force of 
the motor for the steering wheel increases as the vehicle 
speed becomes closer to a predetermined value of the 
low speed. 

‘ i t i i 


